Abstract
Introduction
The growing relevance of Digital Libraries is generally recognized [Ha97] . A Digital Library typically contains hundreds or thousands of documents. It is also recognized that, instead English is the dominant language, documents in other languages are of great significance and, moreover, users want to retrieve documents in several languages associated to a topic, stated in his own language [Ha97, Go02] . This is specially true in regions as the European Community or Asia. Therefore a multilingual environment is needed to attend user requests to Digital Libraries.
The multilingual communication between users and the library can be realized in two ways:
• The user query is translated to the several languages of existing documents and submitted to the library;
• The documents are indexed and the extracted terms are converted to a language neutral thesaurus (called multilingual thesaurus). The same occurs with the query, and the correspondence between query terms and documents is obtained via the neutral thesaurus.
The first solution is the most widely used in the Cross-Language Information Retrieval (CLIR) community
[Go02], [Og00] [Oa99] . It applies also to other information retrieval environments, as the World Wide Web.
For Digital Libraries, with thousands of documents, indexing of incoming documents, and a good association structure between index terms and documents can become crucial for an efficient document retrieval.
In order to get an extensive and precise retrieval of textual information, a correct and consistent analysis of incoming documents is necessary. The most broadly-used technique for this analysis is indexing. An index file becomes an intermediate representation between a query and the document base.
One of the most popular structures for complex indexes is a semantic net of lexical terms of a langiuage, called thesaurus. The nodes are single or composed terms and the links are pre-defined semantic relationships between these terms, such as synonyms, hyponyms and meronyms.
Despite the importance of multilingual thesauri has been recognized [Go02] nearly all research effort in
Cross-Lingual Information Retrieval has been done on the query side and not on the indexing of incoming documents [Og, Oa99, Ha97] .
Indexing in a multilingual environment can be divided in three steps: (1) language-dependent canonical term extraction (including stop-word elimination, stemming, word-sense disambiguation), (2) languageneutral term finding, and (3) update of the term-document association lattice.
Bruandet [Br89] has developed an automatic indexing technique for electronic documents, which was extended by Gammoudi [Ga93] to optimal thesaurus generation for a given set of documents. The nodes of the thesaurus are bipartite rectangles where the left side contains a set of terms and the right side the set of documents indexed by the terms. Higher rectangles in the thesaurus contains broader term sets and less documents. One extension to this technique is the algorithm of Pinto [Pi97] , which permits an incremental addition of index terms of new incoming documents, updating the Thesaurus.
We show in this paper how this extended version of Gammoudi's technique can be used in an environment with multilingual documents and queries whose language need not be the same as that of the searched documents. The main idea is to use monolingual dictionaries in order to, with the user's help, eliminate ambiguities, and associate to each unambiguous term an abstract, language independent, term. The terms of a query are also converted to abstract terms in order to find the corresponding documents.
In the next section we introduce the mathematical background needed to understand the technique, whereas section 3 intrtoduces our multilingual rectangular thesaurus. The following section 4 shows the procedure of term extraction from documents, finding the abstract concept and the term-document association and inclusion of the new rectangle in the existing rectangular thesaurus. Section 5 shows the query and retrieval environment and, finally, section 6 discusses some related work and concludes the paper.
Rectangular Thesaurus: Basic Concepts
The main concept used for thesaurus construction is the binary relation. A binary relation can be decomposed in a minimal set of optimal rectangles by the method of Rectangular Decomposition of a Binary Relation [Ga93, BBG94] . The extraction of rectangles from a finite binary relation has been extensively studied in the context of Lattice Theory and has proven to be very useful in many computer science applications.. 
A binary relation can always be represented by a sets of rectangles, but this representation is not unique. In order to gain storage space, the following coefficient is important for the selection of an optimal set of rectangles representing the relation.
Definition 2: Gain in storage space
The gain in storage space of a rectangle RE=(A,B) is given by:
where Card(A) is the cardinality of the set A.
The gain becomes significant if Card(A) > 2 and Card(B) > 2, then g(RE) > 0 and grows with Card(A) and
Card(B). On the other hand, there is no gain (g(GE)<0) if Card(A) =1 or Card(B) =1. The notion of gain is
very important because it allows us to save memory space, in particular when we need to store a large volume of terms.
Definition 3: Optimal Rectangle
A maximal rectangle containing an element (x, y) of a relation R is called optimal if it produces a maximal gain with respect to other maximal rectangles containing (x, y). We call (R, ≤≤) a Rectangular Graph.
Note that "≤≤" defines a partial order over the set of rectangles.
Definition 5: Lattice
A partially ordered set (R, <) is called a lattice if each subset X ⊆ R has a minimal upper bound and a maximal lower bound.
Proposition 1:

Let R ⊆ E × G be a binary relation. The set of optimal rectangles of R, ordered by "≤≤" (R, ≤≤) is a lattice with a lower bound (∅, G) and an upper bound (E, ∅).
Semantic Relations
Semantic relations are the basis for the transformation of a rectangular graph in a rectangular thesaurus.
They connect the nodes of a rectangular thesaurus in order to find more generic, more specific, or other related rectangles. There are three kinds of semantic relations in a rectangular thesaurus: hierarchical relations (generic and specific), equivalence relations (synonyms and pseudo-synonyms), and neighborhood relations.
The hierarchical relations are based on the following definition: 
If the domains are terms and the codomain are document identifiers, then A i indexes more documents than A j . The rectangles of interest in this paper will all be of this format, i.e. relating terms to documents. Each term in a rectangle is the representative of an equivalence relation of synonyms. The (representative) terms in the rectangle are called pseudo-synonyms. Note that two terms are pseudo-synonyms if they index the same set of documents.
Non hierarchic relations between rectangles occur when two rectangles have some information in common but none of them is a generic of the other [Ga93] .
Definition 8: Non-hierarchic relation
Let RE i = (A i , B i ) and RE j = (A j , B j ) be two optimal rectangles of R. RE i is a neighbor RE j if and only if the following conditions hold: The central structure, associating index terms to documents of a digital library, is a language independent thesaurus of bipartite rectangles, containing the relation between sets of index terms and of sets of documents.
Each term in a rectangle is the representative of an equivalence relation of synonyms. The terms in the rectangle are called pseudo-synonyms. Note that two terms are pseudo-synonyms if they index the same set of documents.
For a lattice of rectangles with the hierarchic relation (A 1 ,B 1 ) ≤≤ (A 2 , B 2 ), defined above, we consider a simplified representation, in order to save space. We eliminate the repetition of terms in the hierarchy. If 
Multilingual Rectangular Thesaurus
The idea of creating a language-independent conceptual thesaurus has been defined by Sosoaga [So91] .
The textual structure of specific languages is mapped to a conceptual thesaurus (see Fig. 3 .1).
S A multilingual thesaurus is a classification system defined as MTh = (V, n, r; L 1 , ..., L n , C 1, ..., C m , t 1 , .. , t n*m ) composed of a unique set of abstract concepts (V), a set of lexicons {L 1 ,.., L n }, a set of contexts { C 1 , .. , C k } a set of functions t k : L i × C j → V which associates to each term of the lexicon in a given context a unique abstract term. The hierarchic and non-hierarchic relationships are given by n (narrower term) and r (related term). Therefore, both n and r are subsets of V × V.
A rectangular multilingual thesaurus is lattice of bipartite rectangles, a rectangular thesaurus as defined in the previous section, where the terms at the left part of each rectangle are elements of the abstract concepts (V) of a multilingual thesaurus.
Note that the way to obtain the rectangular multilingual thesaurus of a set of documents is (1) indexing each document, (2) define the correct meaning of each term, and (3) finding the abstract concept applying the corresponding function t.
In order to construct rectangles with representative terms, we can decompose each function t in two parts t 0 and t 1 , with t(x, c) = t 1 (t 0 (x, c) ). The function t 0 is responsible for the selection of the canonical representative for the synonyms in a given context, and t 1 is an injective function that determines the abstract term associated to the original term in a given language.
Construction and maintenance of a Rectangular Multilingual Thesaurus
In a digital library each incoming document (which can be a full document, an abstract or an index card) must be indexed and integrated in the library. Instead of indexing documents one-by-one we can consider lots of incoming documents to be inserted in the library.
The construction of a Rectangular Multilingual Thesaurus is done in three steps:
• Term extraction from one or more documents and determination of the abstract concept, using a monolingual dictionary (semi-automatic indexing); • Generation of one or more optimal rectangles;
• Abstract term finding and optimal insertion of the new rectangles in the existing abstract thesaurus. 
Semi-automatic indexing
The construction of a rectangular thesaurus referencing a set of electronic documents in natural language begins with relevant term extraction contained in the document. Our semi-automatic method allows the user to eliminate ambiguities interactively. In the current version of the system the format of incoming document can be pure text (txt), Microsoft Word documents (doc) or html. Other formats must be converted to pure text.
The first step consists of words selection, stopword elimination and, for significant words, finding of the abstract term. As shown in Figure 4 .2, two dictionaries are use for this step. First, the dictionary of term variations, contains all lexical variations of words in a language and determines its normal form. Compound words, such as 'Data Base' or 'Operating System' must be considered as single terms, since in other language they are written as single word (e.g. 'Datenbank' and 'Betriebssystem' in German) and should be associated to a single abstract term code. These are identified by a look-ahead step when the dictionary identifies a candidate compound word.
Having found the normal form of a term, the main dictionary is then used to find the abstract languageindependent term, depending on the context.
In the main dictionary, the column "Representative" and the list of "Related terms" will be used in the construction of the thesaurus in a given language for query formulation (see section 5 below). 
Term Variations Main Dictionary
Updating the rectangular thesaurus
Each rectangle obtained in the previous step relates a set of terms to a set of documents. If we are processing a single document, one rectangle is generated with the significant terms indexing that document.
We must now insert the new rectangles in the existing abstract rectangular thesaurus. 
Figure 4.2: Document thesaurus
Note that in a rectangular thesaurus, we can identify several cardinality levels, due to the cardinality of the rectangle domain. This levels goes from 0 to n, where n is the total number terms the thesaurus. Each new rectangle must be placed in the corresponding level. In the example, the second level has cardinality 5 and the third level has cardinality 12, since 7 terms has been added to the level below.
The following algorithm, from [Pi97] , provides the insertion of a new rectangle in an existing rectangular thesaurus. We consider the thesaurus in its original definition, without simplification. The simplification is straightforward. 
Check if the cardinality level of the new rectangle exists in the thesaurus
Information Retrieval
The purpose of an information retrieval system is to return to the user a set of documents that match the keywords expressed in a query. In our system we present an interface, using the user's preferred language, representing the thesaurus of concepts occurring in the document database. This thesaurus includes synonyms, related terms and hierarchic relations. Using pre-existing terms, obtained from the documents in the library, helps users to formulate its query in an adequate terminology, reducing significantly natural language interpretation problems.
The dictionary-like form of the interface guarantees fast access to the documents searched for. As it was reported by LYCOS, typical user queries are only two or three words long. Figure 5 .1 shows the prototype's interface [So98] with terms defined in Portuguese.
In a rectangular thesaurus, the retrieval process consist of finding a rectangle Ri = Ci x Di, such that Ci is a minimal domain containing the set of terms from the query Q. If Ci ≠ Q the user can receive a feedback from the system concerning other terms which index the retrieved documents. This fact is identified as a Galois connection in [Ga93] . Note that we can obtain several rectangles matching the query. On the other hand, the user can eliminate some terms from the query in order to obtain more documents.
As can be seen in the figure, the prototype allows one to choose a language and, as he/she is selecting the terms, the system lists the corresponding documents.
Figure 5.1: Query interface
The prototype has been implemented in the Delphi Programming Environment and, in its first release, recognizes Word (.doc), html and text (.txt) documents.
Related work
The model HiMeD [RN01, Li98] deals with the indexing and retrtieval of documents. It is specialized on medical documents and the indexing step is completely automatic. Since the domain is restricted, the occurrence of polysemic terms is not so frequent as for general digital libraries. As language neutral ontology of medical terms they use the medical vocabulary MeSH [NLM00] combined with a generic dictionary.
Gilarranz, Gonzalo and Verdejo [GGV02], proposed an approach of indexing documents using the information stored in the EuroWordNet database. From this database they take the language-neutral InterLingual Index. For the association of queries to documents they use the well-known vectorial approach.
The MULINEX project [ENU99] is an European Union effort to develop tools to allow cross-language text retrieval for the WWW, concept-based indexing, navigation tools and facilities for multilingual WWW sites.
The project considers several alternatives for document treatment, such as translation of the documents, translation of index terms and queries, relevance feedback with translation.
Conclusion
Most work on thesaurus construction uses automatic indexing of a given set of documents [Br89, Ga93] and, in case of a multilingual framework, uses machine translation techniques applied on the query [Ya98]. In [Pi97] an incremental version of the approach on automatic generation of rectangular thesauri has been developed. The main contribution of this paper is to integrate the incremental approach with a dictionarybased multilingual indexing and information retrieval, including an interactive ambiguity resolution. This approach eliminates problems of automatic indexing, linguistic variations of a single concept and restrictions of monolingual systems. Furthermore the problem of terms composed of more than one word has been solved with a look-ahead algorithm for candidate words found in the dictionary.
It is clear that the interaction with the user is very time consuming. But, it seems to be a good trade-off between the precision of manual thesaurus construction and the efficiency of automatic systems. With an 'apply to all' option on can avoid a repetition of the same conflict resolution.
Lexical databases, such as WordNet and the forthcoming EuroWordNet can be useful to offer a semantic richer query interface using the hierarchic relations between terms. This hierarchies must also be included in the abstract conceptual thesaurus.
